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The title compound [Mn 6 (C 7 H 4 N03)s(CH 3 C0 2 ) 2 (C5H 8 N 2 )4- 
(C 3 H 7 NO) 2 ](C 2 H5) 2 OC3H 7 NOCH 3 OH0.12H 2 O, abbre- 
viated as Mn II (OAc) 2 [15-MC MnIII(N)shi -5](EtIm)4(DMF)2- 
diethyl etherDMFMeOH0.12H 2 O (where ~OAc is acetate, 
MC is metallacrown, shi 3 ~ is salicylhydroximate, EtIM is n- 
ethylimidazole, DMF is A^/V-dimethylformamide, and MeOH 
is methanol) contains five Mn 111 ions as members of the 
metallacrown ring and an Mn 11 ion bound in the central cavity. 
The central Mn 11 ion is seven-coordinate with a distorted face- 
capped trigonal-prismatic geometry. The five Mn 111 ions of the 
metallacrown ring are six-coordinate with distorted octahedral 
geometries. The configuration of the Mn 111 ions about the 
metallacrown ring follow a AAAPP pattern, with P 
representing planar. The four 1-ethylimidazole ligands are 
bound to four different Mn 111 ions. A diethyl ether solvent 
molecule was found to be disordered over two mutually 
exclusive sites with an occupancy ratio of 0.568 (7):0.432 (7). 
A methanol solvent molecule was found to be disordered over 
two mutually exclusive sites by being hydrogen bonded either 
to a dimethylformamide solvent molecule (major occupancy 
component) or to an O atom of the main molecule (minor 
occupancy component). The occupancy ratio refined to 
0.678 (11):0.322 (11). Associated with the minor component 
is a partially occupied water molecule [total occupancy 
0.124 (15)]. 

Related literature 

For a general review of metallacrowns, see: Mezei et al. (2007); 
Pecoraro et al. (1997). For related Mn'^lS-MCMnmNfshi)^)] 



structures, see: Kessissoglou et al. (1994); Dendrinou-Samara 
et al. (2002, 2005); Emerich et al. (2010). For an explanation 
of how to calculate the s/h ratio, see: Stiefel & Brown (1972). 
For the preparation of jMn II (OAc) 2 [12-MC MnII iN(shi)-4]- 
(DMF) 6 }-2DMF, see: Lah & Pecoraro (1989). 
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Experimental 

Crystal data 

(C 5 H 8 N 2 ) 4 (C 3 H 7 NO) 2 ]- 

QHuOCjHjNOCHjO- 

0.12H 2 O 

M, = 1910.51 

Triclinic, PI 

a = 12.604 (2) A 

b = 17.188 (3) A 

c = 20.990 (4) A 

Data collection 

Bruker SMART APEX CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
r mi „ = 0.563, r maI = 0.746 

Refinement 

R[F 2 > 2a(F 2 )] = 0.059 
wR(F 2 ) = 0.148 
S = 1.07 

18692 reflections 
1143 parameters 
53 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



a = 103.564 (3)° 
P = 97.322 (3)° 
y = 107.658 (3)° 
V = 4114.2 (13) A 3 
Z = 2 

Mo Ka radiation 
/a = 0.98 mm~' 
T = 100 K 

0.35 x 0.29 x 0.13 mm 



49270 measured reflections 
18692 independent reflections 
14786 reflections with / > 2a(I) 
R:„, = 0.046 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 1.53 e A~ 3 

Ap mi „ = -0.76 e A~ 3 
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Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL, Mercury 
(Macrae et al, 2006) and ORTEP-3 (Farrugia, 1997); software used to 
prepare material for publication: SHELXTL. 
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Di-/ / -acetato-bis(dimethylformamide)pentakis(/'-A r ,2-dioxidobenzene-l-carboximidato)tetrakis(l- 
ethylimidazole)pentamanganese(III)manganese(II)-diethyl ether-dimethylforamide-methanol-wa- 
ter (1/1/1/1/0.12) 

B. R. Tigyer, M. Zeller and C. M. Zaleski 
Comment 

Metallacrowns (MCs) are a versatile class of inorganic molecules that serve both as structural and functional analogues to 
crown ethers (Mezei et ah, 2007; Pecoraro et ah, 1997). In addition to mimicking crown ethers, MCs have other potential 
uses such as single-molecule magnets, MRI contrast agents, and catalysts (Mezei et ah , 2007). The naming scheme for MCs 
is similar to that of crown ethers. For example, 15-MC-5 indicates that the ring size of the MC consists of 15 atoms and 
that there are 5 oxygen atoms capable of binding a metal ion in the central cavity. A complete naming scheme can be found 
in the review by Pecoraro et ah (1997). Manganese-based 15-MC-5 structures were the first 15-MC-5 compounds reported 
(Kessissoglou et al., 1994), and some of these molecules have shown antibacterial activity (Dendrinou-Samara et al., 2002; 
Dendrinou- Samara et ah, 2005). 

Herein we report the synthesis, IR data, and the single-crystal X-ray structure of the title 
compound,[Mn 6 (C7H4NO3) 5 (C 5 N2H 8 )4(C3H7NO)2(C2H3O2)2].(C2H 5 )2O.C3H 7 NO.CH 3 OH.0. 12H 2 0, 1, abbreviated as 

Mn II (OAc)2[15-MC M n ln N(shi)-5](EtIm)4(DMF) 2 .Diethyl ether.DMF.MeOH.0.12H 2 O (where "OAc is acetate, MC is 

3 

metallacrown, shi ~ is salicylhydroximate, EtIM is «-ethylimidazole, DMF is AyV-dimethylformamide, and MeOH is meth- 
anol). The single-crystal X-ray structure of a related molecule, Mn n (OAc)2[15-MCMn ln N(shi)-5](Im)3(EtOH)3 (where Im 
is imidazole and EtOH is ethanol), has previously been reported by Emerich et al. (2010). 

Compound 1 is a non-planar molecule, which is typical of Mn^lS-MCMn 111 ^] structures (Fig. 1-5; Farrugia, 1997). The 

structure consists of a [Mn 111 — N — 0]s repeat unit around the MC ring, and the MC binds a Mn" in the central cavity (Fig. 1). 

The positive charge of the five Mn 111 ions and the one Mn 11 ion are counterbalanced by the five shi 3 " ligands and two acetate 
anions. Mnl is located in the central cavity and is seven-coordinate with distorted face-capped trigonal prismatic geometry 
(Fig. 2). The geometry assignment is based on the calculated azimuthal angle (<D). In an ideal face-capped octahedron <D 
= 60°, while in an ideal face-capped trigonal prism <D = 0°. To calculate the <D angle, the centers of opposite triangular 
faces made by the donor oxygen atoms (01, 013, and 018; 07, O10, and 017) were defined using the program Mercury 
(Macrae et al, 2006), and then twist angles between atoms on opposite faces through the centroids were calculated (Fig. 3). 
The calculated <D angles of 9.11°, 12.78°, and 15.95° indicate the geometry approaches more that of face-capped trigonal 
prismatic. Another parameter that indicates the geometry is the s/h ratio (Stiefel and Brown, 1972). In an ideal octahedron 
the s/h ratio is 1.22, while in an ideal trigonal prism the s/h ratio is 1.00. Defining the distance between the centroids in Fig. 
3 as h, the average s/h ratio for 1 is 1.00 ± 0.10. Thus both the <D angle and the s/h ratio support a distorted face-capped 
trigonal prismatic geometry. The assignment of 2+ for Mnl is supported by an average bond distance of 2.24 A. The ring Mn 
(2-6) are assigned a 3+ oxidation state. This is supported by the average bond distance, and the observation of a Jahn-Teller 

axis for each ring Mn, which is typical for a high spin of 4 cation. The average bond distances for Mn2, Mn3, Mn4, Mn5, and 
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Mn6 are 2.03 A, 2.03 A, 2.03 A, 2.05 A, and 2.09 A, respectively. Each Mn is six-coordinate with a distorted octahedral 
geometry (Fig. 4). It should be noted that Mn6 has one long interaction with an acetate oxygen atom (Mn6 — 018, 2.684 (3) 

A) that is needed to complete the octahedral geometry. The coordination about the Mn 111 ions can also be described by their 
configurations. Mn2 has a propeller configuration with A absolute stereochemistry. Mn3 and Mn4 do not adopt a propeller 

configuration, but instead two shi " ligands are trans to each other. Thus, Mn3 and Mn4 adopt a planar (P) configuration. 
Mn5 has a propeller configuration with A absolute stereochemistry, and Mn6 has a propeller configuration with A absolute 

stereochemistry. Starting with Mn5, the configuration pattern for the Mn" 1 ions about the MC ring is AAAPP. In addition, 
Mn2, Mn4, Mn5, and Mn6 bind «-ethylimidazole ligands, which are directed to the periphery of the molecule. Lastly, a 
disordered diethyl ether molecule, a disordered methanol molecule, a dimethylformamide molecule, and a partially occupied 
water molecule (0.124 (15)) are located in the lattice. 

Experimental 

Manganese(II) acetate tetrahydrate (99+%) and N, A r -dimethylformamide (ACS grade) were purchased from Acros Organics, 
salicylhydroxamic acid (H3shi, 99%) was purchased from Alfa Aesar, «-ethylimidazole (98%) was purchased from TCI 
America, methanol (HPLC grade) was purchased from Fisher Scientific, and absolute diethyl ether was purchased from 
EMD Chemicals. All reagents were used as received and without further purification. 

The compound {Mn n (OAc)2[12-MCMn m N(shi)-4](DMF)6}.2DMF was prepared as previously reported (Lah & Pec- 

oraro, 1989), and dark brown crystals were isolated and dried. Then 0.1 mmol of the {Mn II (OAc)2[12-MCMn m N(shi)- 
4](DMF)6}.2DMF compound was dissolved in 20 ml of a 50:50 mixture of methanol and DMF. The resulting mixture was 
a dark brown color. Then 25 \iL of «-ethylimidazole was added to this solution, and the solution was stirred for 5 minutes. 
The resulting dark brown solution was filtered and no precipitate was recovered. Diffusion of diethyl ether into the filtrate at 
approximately 277 K (4 °C) resulted in dark brown cube-like crystals after 9 days. The percent yield was 22% based on the 

{Mn n (OAc)2[12-MCMn m N(shi)-4](DMF)6}.2DMF starting material. Elemental analysis for the dried material (accounting 
for the loss of the diethyl ether lattice solvent) C69H83 .24Mn6Ni6023.i2 [FW = 1836.28 g/mol] found % (calculated); C 
45.59 (45.13); H 4.44 (4.57); N 12.37 (12.20). 

Refinement 

A solvent diethyl ether molecule was found to be disordered over two mutually exclusive sites. The molecules were restrained 
to have similar geometries and equivalent atoms were constrained to have identical ADPs. The occupancy ratio refined to 
0.568 (7) to 0.432 (7). A solvent methanol molecule was found to be disordered over two mutually exclusive sites by being 
hydrogen bonded either to a solvent DMF molecule (major moiety) or to an oxygen atom of the main molecule (minor 
moiety). The two molecules were restrained to have similar C — O distances. The occupancy ratio refined to 0.678 (11) 
to 0.322 (11). Associated with the minor moiety is a partially occupied water molecule (total occupancy: 0.124 (15). This 
position of the water oxygen atom and of its H atoms was restrained based on hydrogen bonding considerations. It was 
also restrained to be approximately isotropic. The carbon atoms of one ethyl group (C48, C49) showed signs of unresolved 
disorder and were restrained to be approximately isotropic. 

Hydrogen atoms were placed in calculated positions with C — H = 0.95 (aromatic), 0.98 (methyl) and 0.99 A (methylene) 
and were refined with Uiso~(H) =1.5 U eq (C) for methyl H atoms and 1.2 U e JC) for methylene and aromatic moieties. 



sup-2 



supplementary materials 



Figures 







,* ,* 








J*' ~\ 

i ■ ^ ' t 


■ , 


' *, 


* t * 


-■a ■ a- * ^ 


4 


* Mi ■ + 









* ; 4 



Fig. 1. Single-crystal X-ray structure of Mn (OAc)2[15-MCMn m N(shi)- 
5](EtIm) 4 (DMF) 2 .Diethyl ether.DMF.MeOH.0.14H 2 O (1). The thermal ellipsoid plot of 1 is 
at a 50% probability level. All atoms composing the MC ring are labeled. Hydrogen atoms 
and the lattice solvent molecules have been omitted for clarity. Color scheme for all figures: 

purple - Mn 11 and Mn 111 , red - oxygen, blue - nitrogen, and gray - carbon. 



Fig. 2. Side (left) and top (right) views of the first coordination sphere about Mnl (2+ oxida- 
tion state) of 1 with face-capped trigonal prismatic geometry. The thermal ellipsoid plots are 
at a 50% probability level. 



Fig. 3. Side (left) and top (right) views of the first coordination sphere about Mnl of 1 in- 
dicating how the azimuthal angle (<D) was defined and calculated with the program Mercury 
(Macrae et ah, 2006). The thermal ellipsoid plots are at a 50% probability level. 



Fig. 4. First coordination sphere about each Mn 111 ion of 1. a) Mn2 with A configuration b) 
Mn3 with planar configuration c) Mn4 with planar configuration d) Mn5 with A configuration 
and e) Mn6 with A configuration. The thermal ellipsoid plots are at a 50% probability level. 
Hydrogen atoms have been omitted for clarity. 
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Fig. 5. Packing diagram of 1 along the a axis. The thermal ellipsoid plot is at a 50% probabil- 
ity level. Hydrogen atoms have been omitted for clarity. 



Di-u-acetato-bis(dimethylformamide)pentakis(u- N,2-dioxidobenzene-1-carboximidato)tetrakis(1- 
ethylimidazole)pentamanganese(lll)manganese(ll)- diethyl ether-dimethylforamide-methanol-water (1/1/1/1/ 
0.12) 

Crystal data 

[Mn 6 (C7H4NO3) 5 (C2H 3 O2)2(C 5 H 8 N2)4(C3H 7 NO)2]C^i T i)C3H7NOCH4O0.12H2O 

M r = 1910.51 F(000) = 1972.1 

Triclinic, PI D x = 1 .542 Mg nT 3 

Hall symbol: -P 1 Mo Ka radiation, X = 0.71073 A 

a = 12.604 (2) A Cell parameters from 1712 reflections 

b =17.188 (3) A 9 = 2.7-30.2° 

c = 20.990 (4) A n = 0.98 mm" 1 
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a = 103.564 (3)° T=100K 

(3 = 97.322 (3)° Plate, black 

y= 107.658 (3)° 0.35 x 0.29 x 0.13 mm 

V= 4114.2 (13) A 3 



Data collection 



Bruker SMART APEX CCD 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
r min = 0.563, T max = 0.746 
49270 measured reflections 



18692 independent reflections 

14786 reflections with / > 2a(I) 
R int = 0.046 

^max = 27.5°, 0 m i n — 1.7° 

/j = -16->16 

k = -22^22 
/= -27^27 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.059 

wR(F 2 ) = 0.148 
S= 1.07 

18692 reflections 
1143 parameters 
53 restraints 
5 constraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = 1/[g 2 (F 0 2 ) + (0.0581P) 2 + 8.5964P] 

where P = {F 2 + IF 2 )!?, 

(A/o) max = 0.002 

Apmax= 1-53 e A~ 3 
Ap min = -0.76eA~ 3 



Special details 

Experimental. FT-IR bands (KBr pellet, cm" 1 ): 1655(w), 1598(m), 1572(5), 1500(5), 1438(m), 1389(m), 1320(m), 1259(m), 1100(w), 
1032(w), 927(m), 866(m), 755(m), 681(m), 651(m), 603(m), and470(m). 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F , convention- 
al ic-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



sup-4 



supplementary materials 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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m n a /I** 1 mo no 
Ul / — Mnl — U16 — Cjo 


1 1 /i n 
114.U (3) 


r\A a a,-, 1 mo no 
U4 — Mn 1 — U 1 6 — U J 6 


ioy. / (3) 


mA \/„i mo no 
U10 — Mnl — U16 — Cjo 


33. U (3) 


mo pio mn \x~a 
U 1 6 — C J 6 — U 1 y — Mn4 


Z4. / (o) 


r^i(\ rio mn A/f~/i 

ciy — cj6 — uiy — Mn4 


icq pj\ 

— 1 J /.Z (3) 


mo at^/1 mA no 
U 1 2 — Mn4 — u i y — U J 6 


-1/1.1 (4) 


mi A/f^/t mA no 
U 1 J — Mn4 — u i y — U J 6 


//i\ 
1 1 .4 (4) 


m/i A/f~/i mA no 
U 1 4 Mn4 — u i y — U J 6 


m o //i\ 
y3.0 (4) 


M/i A/f~/i mA no 
JN 4 — Mn4 — U 1 y — U J 6 


O 1 H (A \ 

-81.7 (4) 


\ri y] /^/;A mA A/T~T 

JN 14 C60 — U20 — Mnj 


1 n c \ 

— 1 / I.J (3) 


m ^ mA /^/;a 
U 1 5 — Mn J — U20 — U60 


1 *7n /i (i \ 
1 /U.4 (3) 


m A/T^l AOrt f^i^Pt 

Ul — Mnj — U20 — C60 


1 n i 
— 1U.Z (3) 


/ \ -) A/f~1 mA /^/CA 

U2 — Mnj — U20 — U60 


-yZ.Z (3) 


"\tc \ff,i mA /^/;a 
JN 5 — Mnj — U20 — U60 


on i (i\ 
oU.3 (3) 


m c mi /^/;i 
U 1 j — Mnj — U2 1 — U6 J 


1 TO O //1\ 

—1 /o.o (4) 


m mi 

Ul — Mnj — U21 — U6j 


i n //i\ 

1.9 (4) 


U2 — Mnj — U2 1 — U6 J 


6J.6 (4 ) 


"\tc \ff,i mi /^/;i 
JN5 — Mnj — U21 — U6j 


OO H ( A\ 

—66. / (4) 


A/f^i mi /^/;i mi c 
Mnj — U2 1 — U6 J — JN 1 5 


1 "70 A /I \ 

1 /6.0 (j) 


U2 1 — C63 — JN 1 5 — C64 


A A t £\ 

0.4 (6) 


U21— C63— N15— C65 


176.6 (4) 


C72— U26— C70— C71 


-171.7(17) 


C70— U26— C72— C73 


-74 (2) 


C72B— 026B— C70B— C7 1 B 


169 (2) 


C70B— U26B— C72B— C73B 


177 (2) 



Hydrogen-bond geometry (A, °) 

I) I I I /) II II- I D-A I) II -. I 

U24— H24A-U22 0.84 2.09 2.876 (7) 156. 

U24B— H24B-U19 0.84 2.15 2.98 (2) 170. 
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025— H25A-024B 0.84(2) 2.35 (2) 3.05 (4) 140 (6) 

025— H25B-022 0.84(2) 1.99 (2) 2.776 (17) 156 (4) 
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